ABSTRACT. This experiment involves the measurement of the magnetic flux leaked from a rotating seamless steel tube with two machined notches. The signal measured is the radial component of the leaked field at a fixed point in space, as a function of the notch position, for four values of the liftoff and two notches. As the pipe tangential velocity was varied between 0.23 and 0.62 m/s, the sole observed effect was that of increasing the signal by a value that grows linearly with the velocity and is independent of the notch angular position.
INTRODUCTION
The World Federation of Nondestructive Evaluation Centers, which includes NDE Centers from all around the world, has for the second consecutive year proposed "benchmark problems", open to the participating centers, as well as to any other interested party. The idea is to profit from the comparison of experimental results versus individual model solutions, and model solutions among themselves. In QNDE 2001 results were presented by 2 Centers for MFL problem 1, which is 3D, magnetostatic and nonlinear [1] . Subsequently, a second MFL benchmark problem was proposed. Here we report on experimental results on this MFL Benchmark Problem 2, carried out at our Center for Industrial Research in Argentina.
PROBLEM STATEMENT AND MOTIVATION
While MFL Benchmark Problem 1 was nonlinear and magnetostatic [1] , the current problem is also nonlinear, but time-dependent, because it involves a rotating tube and a moving notch. The motivation behind this problem is twofold. In the first place, it reproduces some features of standard industrial MFL inspection equipment, and thus provides the opportunity of testing models that may be applicable to industrial processes. Secondly, because it involves induced currents and a moving geometry, it implies a higher level of model and computational complexity. The vertical component of the magnetic induction flux density Bz was measured using a HGT-2100 Hall probe [2] . The sensor surface normal to the z axis is 1.6 mm wide by 1.8 long. A simple analog circuit supplied the current and amplified the output, which was digitized at a constant rate of 4khz. The sensor and the circuit were calibrated together using a yoke and a commercial Gaussmeter [3] .
The Hall effect transducer was positioned over the topmost pipe generatrix, half way along the yoke horizontal span, and also half way along the notch length. A plastic film provided the only separation between the tube and the sensor (the liftoff was just the thickness of the film). The values used for the liftoff were 0.5, 1.0, 1.5, and 2.0 mm with an estimated error of 0.05 mm. The pipe was mounted on a lathe, and rotated at almost constant speed (within 0.5%). Every 360 degrees a pulse was generated by a proximity sensor, which was also digitized.
The plastic film was lubricated in order to avoid wear. Because a small amount of wear in the separator would imply a change in the liftoff that could give rise to significant changes in the signal, all measurements were carried out twice without replacing the plastic separator. Both sets of measurements were found to coincide.
RESULTS
Several consecutive measurements of the signal were recorded and averaged for each one of the liftoffs and rotating velocities. Because of small fluctuations in the tube rotating speed, the time delay between two consecutive signals is not exactly constant, as evidenced in Fig. 4 , in which the apparent position of the notch signal is seen to fluctuate. Therefore, before averaging those signals, the following procedure was used to reduce each one of the signals to its own local coordinate system (see • a straight line tangent to the recorded signal at half way between the signal maximum and minimum was drawn • the straight line that simultaneously describes the asymptotic behavior of the signal in both directions was also drawn • the local coordinate system for each signal was chosen to have its origin at the intersection of these two lines. Using these local coordinates, an average signal was computed for each location (external/internal), velocity, and liftoff combination. On Fig. 6 the curves for external notches, 0.5 mm liftoff and all velocities are drawn, and only one line is observed, which shows that in local coordinates the signals were found to be independent of pipe rotational speed within the range examined (tangential velocity between 0.23 and 0.62 m/s). A similar result was found for internal notches (see Fig. 7) , and for the other values of the liftoff. Some selected numerical values for these curves are quoted in Table 2 . The systematic error on these results is estimated at 1%. Figures 8 and 9 show the dependence of the signal amplitude and angular distance between peaks on the liftoff. As the liftoff is increased, the expected decrease in the amplitude and increase in the width are observed.
As was pointed out above, in local coordinates there is no dependence of the signal on the pipe rotational velocity. This reduction to local coordinates implies a subtraction of a constant value that is the only observable dependence of the signal on the velocity. Even though the absolute value of this constant could not be ascertained, its variation with the velocity could be determined consistently, and was found to be fairly linear and independent of both the liftoff and the notch location (see Table 1 ). Indeed, because this signal increase is independent of the notch position, it is present even when the notch is no longer there. Therefore, we conclude that it is not caused by the moving notch but, rather, by the distortion of the magnetic field generated by the currents induced in the rotating pipe. These currents depend of course on the pipe rotational velocity, and are present even if there is no notch.
CONCLUSIONS
As expected, the measured signal depends on the liftoff and on the location (external/internal) of the notch. However, in the range of values examined, it depends on the pipe rotational velocity only through an additive constant. The absence of a significant dependence of the shape of the signal on the pipe rotational speed is a noteworthy experimental result that deserves further theoretical/numerical analysis. Whether or not a similar result holds for the tangential component of the leaked field, is a point that will be checked in future experiments, as a continuation of the MFL Benchmark Problem 2.
